Background: Maternal family history of diabetes was significantly and positively associated with birth weight in grandchildren, we aim to assess the effect of grandparental diabetes on the grandchild' body mass index (BMI) at infancy peak (IP) and obesity status at age 2. Methods: In our study, family diabetes mellitus (DM) information from Ma'anshan Birth Cohort Study (MABC) were gathered. For children, height and weight were retrieved from medical records. BMI at 6 observations (0, 3, 6, 9, 12, 18 months) was plotted for every child. Onset of IP was determined by visual inspection. BMI at age 2 was categorized according to WHO Child Growth Standards as normal, overweight or obesity. The association between maternal grandfather' diabetes and the grandchild' BMI at IP and BMI at age 2 were tested using linear regression models and logistic regression models, respectively. Results: In our sample, about 6% of the maternal grandfather had DM, mean of infancy BMI peak was 18.37 kg/m
Background
Unfavorable body mass index (BMI) at the early stage of human development can induce permanent health risks. The prevalence of childhood obesity has brought a heavy cost burden, result in later complications including diabetes, metabolic syndrome, and cardiovascular diseases [1] [2] [3] . One of the most critical periods proposed to be infancy BMI peak (IP), IP refers to the decrease in BMI following the maximum BMI at approximately 9 month of age [4] , thus high BMI at IP could be used as a potential surrogate indicator for early development of obesity, and are predictive of later obesity [5, 6] . Despite its importance, little is known about trans-generational determinants of the BMI value at IP, especially regarding the family history of diabetes mellitus (DM).
Several studies have paid close attention to the intergenerational cycle of diabetes mellitus and obesity [7] . After all, there were estimated to be at least 451 million adults with diabetes worldwide in 2017. The number was expected to be approximately 693 million by 2045 [8] . Meanwhile, China now has the largest number of people with diabetes in the world and the number will keep growing [9] . Although, trans-generational inheritance of metabolic disease remains controversial, it is noticed that family history of diabetes was non-modifiable risk factor for the prevalence of obesity, metabolic syndrome and hypertension [10] . Moreover, diabetes in grandparents was a risk factor of diabetes in children [11] , and studies have shown a clear association between grandparental DM and birth weight in grandchildren [12, 13] . Thereby, indicating that non-diabetic ancestors might be targeted in the prevention of early childhood obesity. However, previous studies investigated the effects of parental factors on the obesity in offspring [14] , not much has been published about the grandparental DM.
There was evidence suggesting that maternal family history of diabetes were significantly and positively associated with gestational diabetes mellitus (GDM) [15] , and GDM was associated with the risk of childhood obesity [16] . In view of the facts, it is interesting to determine whether grandparental DM is risk factor for high BMI peak and early childhood obesity.
Methods

Study population
The Ma'anshan Birth Cohort Study (MABC) initially focused on the relationship between maternal factors during pregnancy and the development of the child. We looked into more information about lifestyle characteristic of father and grandparents. In this study, 3474 gravidas consecutively enrolled from May 2013 to September 2014 in Ma'anshan Maternal and Child Health(MCH) clinics when they did first physical examination during pregnancy. Details on the design and recruitment procedures have been described elsewhere [17] . Among the 3474 pregnant women who were invited, participants who presented with absence of live birth (n = 162), plural gestations (n = 39), without children gender information (n = 6), without grandparents exposure information (n = 137), unbalanced BMI data at 0-1.5 years of age (n = 769) or missed children's BMI data at age 2 (n = 504) were excluded from this study (shown in Fig. 1 ), 2361 or 2626 grandparents-singleton-grandchild pairs were enrolled for the final data analysis. Ethical approval was provided by the Ethics Committee of the Anhui Medical University. Oral and written consents were collected from all participants.
Data collection
The information of ancestors and children was gathered by "Maternal and child health questionnaires", which covered family medical history, sociodemographic characteristics, childhood lifestyles etc. DM in grandparents was based on self-reported data from questionnaires in which the mother was asked whether any of her biological parents and/or her parents in law had diabetes, and response categories for diabetes history were 'yes' , 'no' and 'unclear'. Children aged 0 months, 3 months, 6 months, 9 months, 12 months, 18 months and 24 months were measured by physician, therefore, their height and weight was extracted from medical records. BMI was calculated via dividing weight in kilograms by the square of height in meters.
Individual -specific BMI peaks were determined by visual inspection. It has been proven that visual inspection appears to be preferable than polynomial models when estimating the milestone of BMI trajectories [18] . Onset of IP was defined as the maximum between the 0-1.5 years of age. We specified that each child should have all the six BMI observations and that at least 3 observations had to occur before or after the maximum to accurately establish the child specific trend. BMI data of infancy peaks were used as continues variables. If the peak occurred before 8 Fig. 1 Inclusion and exclusion criteria of the participant flow month or not earlier than 12 month, the child was said to have an early or delay IP [5] . Some children had BMI data that could not be categorized, and those children not to be included in the final analysis. Four representative growth trajectories were represented in Fig. 2 . BMI at age 2 was categorized according to WHO Child Growth Standards (BMI-for-age for Birth to 2 years) and divided into three groups: normal weight was defined as BMI <85th percentile; overweight was defined as BMI < 95th percentile but ≥85th and obesity as ≥95th percentile.
Co-variables considered
Based on other evidence, the following variables that might affect the physical development of children were considered: infant gender (boy or girl), feeding pattern(complementary feeding, bottle feeding or breastfeeding), monthly income(U.S. dollar), maternal education(high school and below, college and above), gestational diabetes mellitus (normal or GDM), hypertension disorders complicating pregnancy (HDCP) (normal or HDCP), maternal age at birth(< 25, 25-29 or ≥ 30 years old), maternal pre-pregnancy BMI(continuous variable), paternal pre-pregnancy BMI(continuous variable), gestational weight gain(continuous variable), production times(first or more than once), delivery mode(vaginal delivery or uterine-incision delivery), birth term (pre-term or born in time), birth weight(macrosomia, low birth weight or normal). Although analysing the data (n = 2361or 2626) without adjusting for feeding pattern, some maternal health parameters or some socio-economic covariates gave similar results, all these variables were adjusted for more accurate and more reliable.
Statistical analysis and software
Descriptive statistics were used to examine the relationship between ancestral factors and early childhood BMI status. T test and analysis of variance (ANOVA) were applied to estimate the association between variables and BMI values at IP; We examined differences in subject characteristics amongst BMI classes by using χ 2 tests. We used linear regression models to access the association between ancestors' DM with grandchildren' BMI at IP, and the association between maternal grandparents with DM and the grandchild' BMI classes at age 2 were tested using multinominal logistic regression models. The associations were defined significant if P < 0.1. All analyses were conducted in SPSS 23.0.
Results
Age and BMI at IP were not identifiable in 4.9% of our sample, mean of infancy BMI peak was 18.37 kg/m 2 (SD = 1.56) and occurred at 7.86 months. And about 6.6% of the children were obesity at age 2. The variables and BMI at IP or obesity status at age 2 of the 2361or 2626 ; and the percentages of children with obesity by maternal grandfather category were 4.3 and 8.7% for maternal grandfathers with normal status and diabetes mellitus, respectively. The difference between both groups was statistically significant (P = 0.029, 0.080 respectively).
The association of grandparents' diabetes mellitus and children' BMI at IP are shown in Table 2 . Maternal grandfather with diabetes mellitus was directly related to higher BMI values (β = 0.31, 95% CI = 0.03~0.58), a similar trend when the estimating was performed using a multivariate analysis (β = 0.30, 95% CI = 0.02~0.57); the results suggest that BMI increases as when maternal grandmother and paternal grandparents had diabetes mellitus, however, the analysis did not reach a statistically significant difference.
Children' obesity and overweight were compared with normal weight across different ancestor exposure (see Table 3 ). In fully adjusted models, maternal grandfather' diabetes mellitus predicted children obesity (OR = 1.92, 95% CI = 1.08~3.39), no statistical difference between maternal grandfather' diabetes mellitus and children overweight (OR = 1.25, 95% CI = 0.76~2.06); however, maternal grandmother and paternal grandparents with diabetes mellitus was unrelated to children BMI status at age 2.
Discussion
Our results demonstrate that BMI at IP and obesity status at age 2 were under the influences of DM in maternal grandfather, and the influences were independent of maternal age, parental BMI, maternal education, gender, birth-term, family monthly income, et al. However, we did not find an association between paternal grandparental DM or maternal grandmother DM and children' BMI status either at IP or at age 2.
Currently, there is a lack of putative criteria to define excess or normal BMI value at IP. In an early study [19] involving healthy term infants in shanghai, China, Zhuochun Wu et al. investigated that the mean magnitude of BMI peak was 18.33 kg/m 2 , which comparable to our study. To our knowledge, our study is among the first to provide evidence that family history of DM, particularly a: Adjusted for infant gender, birth term, feeding pattern, monthly income, education, GDM, HDCP, maternal age, maternal pre-pregnancy BMI, paternal BMI, GWG, production times, delivery way BMI body mass index, IP infancy peak, GDM gestational diabetes mellitus, GWG gestational weight gain, HDCP hypertensive disorder complication pregnancy *P<0.05 Previous studies have only examined associations of GDM or other maternal factors with offspring BMI status and infancy BMI peak, but not grandparental DM. In concordance with our study, a cross sectional national survey in Sri Lanka (n = 4485) demonstrated that family history of diabetes was associated with the prevalence of adults obesity as defined with the use of BMI [10] . Likewise, the Avon longitudinal study of parents and children (ALSPAC) (n = 12,076) revealed that the grandchildren of maternal grandparents with DM were more likely to have higher birth weight than those grandchildren of non-grandparental diabetics [12] , and a recent study in Netherlands indicated that children with strong family history of diabetes had higher total cholesterol [20] . In contrast, no association was observed between metabolic syndrome including obesity, insulin resistance, and glucose intolerance in F0 mice and obesity in grand-offspring (F2) by using a mouse model [21] . However, the animal study focus on the metabolic analysis of males only, namely, paternally-induced trans-generational effects, but not maternally-induced trans-generational effects. Taken together, results from the aforementioned studies and from our study showed that maternal grandparental DM may have a greater influence on grand-offspring BMI status than does paternal grandparental DM.
The biological bases underlying the grandparental diabetes with their grandchildren growth are not known. We assume that genomic imprinting could passed from maternal grandfathers to mothers and then to their grandchildren, for maternal grandfathers' DM was associated with GDM, and GDM were risk factor for offspring' obesity. Recently, studies have taking DNA methylation as the primary mechanism of trans-generational of diverse metabolic disease [22, 23] . However, owing to the experimental limitations or other reasons, most studies have only focused on epigenomic variants by measuring the epigenome in somatic tissue or in germ cells [24] , which presents a very limited picture of the potential mechanisms. Moreover, DNA methylation is definitely not the only inherited mark correlated with metabolic disease [25] , there are a lot of questions to answer when keenly access the phenomenon of epigenetic inheritance [26] . Also, this cross-generation associational of diabetes and obesity may relate to shared cultural socio-economic environments, could be suffering from malnutrition.
This study has several limitations. First and foremost, the family diabetes history was self-reported by the mothers, therefore we have no idea what kind of diabetes (type 1 or type 2) the grandparents were affected with. What's worse, it is regrettable that our study has no concern with the population with undiagnosed diabetes or prediabetes. After all, a significant proportion remaining undiagnosed (over 60% were unaware of their diagnosis) in China [27] , partly because the poor public health education. However, the prevalence of grandparental diabetes in our study was consistent with the findings of The China Chronic Disease and Risk Factors Surveillance study, which presented that weighted diagnosed diabetes (defined as a self-reported diagnosis) prevalence of the 40-59 age group Chinese population was about 5.0% [28] . Secondly, we didn't consider the children's physical activity data or dietary data, and this could have affected the estimates. Thirdly, because of missing data on children's BMI information, one third of the participants were excluded from the final analysis. Although the characteristics between the included and the total participants were similar (Table 4) , the exclusion could bias the results. Next, this study was based on data collected from a municipal health hospital for women and children, the recruited sample were women who were willing to undergo their prenatal care and delivery in the centre, most of them live in city proper (approximately 80%), the sampling design might be a limitation. Finally, we merely used BMI as proxies for physical growth, other indicators that represent growth and development, such as skinfold thicknesses, should consider to be implemented.
Conclusions
In conclusion, we found that DM in maternal grandfather may be a risk factor for the grandchild high BMI at infancy peak and obesity at age 2, and these population epidemiological findings may to some extent draw attention to trans-generational effects of diabetes and obesity.
Abbreviations BMI: Body mass index; DM: Diabetes mellitus; GDM: Gestational diabetes mellitus; HDCP: Hypertension disorders complicating pregnancy; IP: Infancy BMI peak; MABC: Ma'anshan Birth Cohort Study
